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(54) ELECTROMAGNETIC FUEL INJECTOR 

(57) A fuel swirler positioned upstream of an injec- 
tion orifice is disposed at the tip of a nozzle body in a 
fuel injector, in which the fixed core and the nozzle body 
are coupled to each other via a non-magnetic cylindrical 
seal ring press-fitted and welded to the outer circumfer- 
ence of one end on the nozzle body side of the fixed 
core and the inner circumference of one end of the noz- 
zle body. 

The inner circumference of the fuel swirler and the 
inner circumference of the seal ring function serve as a 
guide for slidably guiding a stroke movement of the nee- 
dle. The fuel swirler is held between the receiving sur- 
face of the nozzle body and the orifice plate, thus defin- 
ing an annular fuel passage between the outer circum- 
ference of the fuel swirler and the inner circumference 
of the nozzle body, so that fuel flows into a passage 
groove formed at the lower end surface of the fuel swirler 
via the annular fuel passage. 

A mass movable in an axial direction independently 
of the needle is interposed between the return spring 
and the needle, and a plate spring is interposed between 
the mass and the needle. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Technical Field 

[0001] The present invention relates to an electro- 
magnetic fuel injector (injection valve) for an internal 
combustion engine. 

Background Art 

[0002] There has been conventionally used an elec- 
tromagnetic fuel injector which is driven in response to 
an electric signal output from an engine control unit in 
an internal combustion engine for an automobile or the 
like. 

[0003] Th is type of fuel injector is conf igu red such that 
an electromagnetic coil and a yoke are arranged around 
a hollow cylindrical fixed core. And a nozzle body con- 
taining a movable element (thereafter call "needle") with 
a valve element is fixed to the lower portion of the yoke, 
so that the needle is urged toward a valve seat by the 
force of a return spring. 

[0004] A two-point support guide system is generally 
used for the needle in order to achieve the stability of a 
stroke movement. For example, as disclosed in Japa- 
nese Patent Laid-Open No. Hei 11-200993, in the case 
where the movable element is a needle valve, the tip of 
the needle valve is slidably guided on the inner circum- 
ference of a fuel swirler housed inside a nozzle body. 
And as to another point, a large-diameter portion func- 
tioning as a guide surface on a movable side is formed 
in the needle valve, to be thus slidably guided on the 
inner circumference of the nozzle body. A similar two- 
point support guide system is used for a needle config- 
ured by integrally coupling a ball and a rod which serve 
as a valve element. 

[0005] In recent years, a fuel injector for directly in- 
jecting fuel into a cylinder in an internal combustion en- 
gine has been put to practical use also in a gasoline en- 
gine. 

[0006] In the direct injection type of fuel Injector, there 
has been proposed a long nozzle injector in which a noz- 
zle body disposed under a yoke is slenderly elongated. 
In fixing such a long nozzle injector to a cylinder head, 
only the slender nozzle body occupying little space is 
placed on the cylinder head. And in the injector, a large- 
diameter body consisting of a yoke, a connector mold 
and the like can be provided apart from other parts and 
the cylinder head without any interference. Therefore, 
in the case where parts such as a suction valve and a 
intake manifold are densely disposed in the vicinity of 
the cylinder head, said fixing of the long nozzle injector 
has advantage of the high degree of fixing freedom. 
[0007] In the above-described two-point support 
guide system for the needle, it is necessary to finish 
(grind) a guide hole formed at the inner circumference 



of the nozzle body in the case where the stroke move- 
ment of the needle is guided on the inner circumference 
of the nozzle body. If the nozzle body is elongated, the 
guide surface is deeply positioned, thereby making ma- 

5 chining difficult. In the meanwhile, even in the case 
where the guide surface is formed at the inner circum- 
ference near an opening of the nozzle body, followed by 
finishing, the inner circumference of the nozzle body re- 
quires a high grinding accuracy, thereby increasing a 

10 fabricating cost accordingly. Consequently, cost reduc- 
tion is desired. 

[0008] In addition, since the valve element collides 
with a valve seat during a valve closing operation in the 
electromagnetic fuel injector, the valve is accidentally 

'5 opened by a bounce of the valve element, thereby in- 
ducing a fear of so-called secondary injection. There- 
fore, there are various demands for the technique for 
preventing such secondary injection, the configuration 
which contributes to assembling facilitation, in particu- 

20 lar, automatic assembling, and the like. 

BRIEF SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide 

25 a fuel injector which can solve problems such as cost 
reduction, centering accuracy (coaxial accuracy) and 
assembling facilitation of a fuel injector, simplicity of 
component parts, the degree of fixing freedom, and pre- 
vention of secondary injection. 

30 [0010] The present invention has been proposed to 
attain the above-described object by way of a variety of 
modes. The gist of the present invention is as follows: 
[0011] An electromagnetic fuel injector is basically 
configured such that an electromagnetic coil and a yoke 

35 are arranged around a fixed core, a nozzle body con- 
taining therein a needle with a valve element is fixed to 
the lower portion of the yoke, and the needle is urged 
toward a valve seat with application of the force of a re- 
turn spring, and further, is provided with the following 

^0 means: 

(1) In order to achieve the cost reduction and 
centering accuracy (coaxial accuracy) in the two- 
point support guide system, a two-point support 
^5 guide is composed as follow. In a fuel injector hav- 
ing the fuel swirler, a two-point support for slidably 
guiding a needle on the inner circumference of a 
non-magnetic cylindrical seal ring and the inner cir- 
cumference of a fuel swirler during a valve stroke 
50 movement is composed by using the seal ring 

press-fitted and welded to the outer circumference 
of one end on a nozzle body side in a fixed core and 
the inner circumference of one end on the nozzle 
body side. 

55 (2) In order to facilitate the assembling work of the 

fuel injector and simplify component parts, an elec- 
tromagnetic coil and a yoke are inserted from above 
the fixed core, and thus, are disposed around the 
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fixed core. Furthermore, the yoke is configured 
such that it can be coupled to the nozzle body in 
such a manner as to cover the outer periphery of an 
electromagnetic core. A terminal taking-out window 
for the electromagnetic coil is formed at a part of the 5 
upper portion of the yoke. The inner surface of the 
upper end of the yoke is pressed against the elec- 
tromagnetic coil, thereby fixing the coil. 

(4) Means described below are proposed to facili- 
tate the assembling work of the fuel swirler and en- 10 
hance the characteristics and responsiveness of fu- 
el injection: 

The fuel swirler is loosely fitted to the inner cir- 
cumference of the nozzle body in such a manner as 
to be received by the receiving surface of the nozzle '5 
body. An orifice plate is press-fitted to the inner cir- 
cumference in such a manner as to press the fuel 
swirler. Considering this from different points of 
view, the configuration is proposed thai the fuel 
swirler is held between the receiving surface of the 20 
nozzle body and the orifice plate, and thus, an an- 
nular fuel passage is defined between the outer cir- 
cumference of the fuel swirler and the inner circum- 
ference of the nozzle body, so that fuel flows in a 
passage groove formed at the lower end of the fuel 25 
swirler via the annular fuel passage. 

(5) In order to prevent any secondary injection, 
means described below are proposed as the com- 
position capable of implementing a liquid damper 
structure for alleviating an impact occurring during 30 
a valve closing of the needle. 

The inner circumference of the seal ring ex- 
tending over the outer circumference of one end on 
the nozzle body side in the fixed core and the inner 
circumference of one end on the nozzle body side 35 
serves as a guide for the needle. The needle in- 
cludes a hollow, cylindrical movable core. The outer 
circumference of the upper portion of the movable 
core is guided on the inner circumference of the seal 
ring. The fuel passage is secured between the outer 40 
circumference of the lower portion of the movable 
core and the inner circumference of the nozzle 
body. The fuel passage communicates with another 
fuel passage defined inside of the movable core up- 
stream thereof via a through hole formed at the ^ 
movable core. 

(6) As means forprevenling any collision (a bounce) 
of the needle against a valve seat or a stopper in 
order to prevent any secondary injection . there are 
proposed that an axially movable mass independ- so 
ently of the needle is interposed between the return 
spring and the needle, and that a plate spring is in- 
terposed between the mass and the needle. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

Fig. 1 is a vertical cross-sectional view showing a 
fuel injector in a preferred embodiment according 
to the present invention; 

Fig. 2 illustrates the mounted state of the fuel injec- 
tor; 

Fig. 3 illustrates the assembling process of the fuel 
injector; 

Fig. 4(a) is a top view showing a fuel swirler to be 
used in the present embodiment, Fig. 4(b) is a bot- 
tom view of the fuel swirler, and Fig. 4(c) is a vertical 
cross-sectional view of the fuel swirler; and 
Fig. 5(a) is a plan view showing a damper plate (a 
plate spring) to be used in the present embodiment, 
and Fig. 5(b) is a cross-sectional view showing the 
damper plate. 

DETAILED DESCRIPTION OF THE PREFFRRED 
EMBODIMENTS OF THE INVENTION 

[0013] A best mode embodying the present invention 
will be described in reference to a preferred embodiment 
shown in Figs. 1 to 5. 

[0014] As shown in Fig. 1, a hollow fixed core 1 , an 
electromagnetic coil 2 and a yoke 4 are arranged from 
the center toward the outer diameter in a fuel injector 
1 00, and further, a needle 5 with a valve element is con- 
tained inside a nozzle body (also referred to as a nozzle 
holder) 1 8 fixed to the lower portion of the yoke 4, where- 
in the needle 5 is urged toward a valve seat 31 by the 
force of a return spring 7. 

[0015] With respect to the basic movement of the fuel 
injector 1 00, when the electromagnetic coil 2 is ener- 
gized, the yoke 4, the fixed core 1 . a movable core 14 
(i.e., a part of the needle 5) and the upper portion of the 
nozzle body 1 8 constitute a magnetic circuit, so that the 
needle 5 is attracted against the force of the return 
spring 7, thereby achieving a valve opening; in contrast, 
when the energization of the electromagnetic coil 2 is 
stopped, the- needle 5 abuts against the valve seat 31 
by the force of the return spring 7, thereby achieving a 
valve closing. 

[0016] In the present embodiment, the lower end of 
the fixed core 1 functions as a stopper for receiving the 
needle 5 during the valve opening. 
[0017] The fixed core 1 is formed into an elongated, 
hollow and slenderly cylindrical shape. The fixed core 1 
and the nozzle body 18 are coupled to each other via a 
non-magnetic, cylindrical seal ring 8 extending over the 
outer circumference of one end on the nozzle body side 
of the fixed core 1 and the inner circumference of one 
end of the nozzle body 18. 

[0018] The seal ring 8 is ground with material such as 
SUS316, and is formed into a cylinder having a flange 
8a at one end thereof. One end of the cylinder on a side 
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opposite to the flange 8a is press-fitted and welded to 
one end of the outer circumference of the fixed core 1 ; 
on the other hand, the flange 8a is press-fitted and weld- 
ed to an annular step (an annular groove) 18c formed 
at the inner edge of the upper end of the nozzle body 
18. Such welding is performed over the entire coupling 
boundary of, for example, portions designated by refer- 
ence characters (b) and (c) by laser welding in order to 
keep sealability. 

[0019] Here : the annular step 18c is a part having the 
greatest inner diameter of the stepped inner circumfer- 
ence of the nozzle body 18. 

[0020] An upper portion 1 8b of the nozzle body 1 8 has 
greatest inner and outer diameters in the nozzle body 1 
in order to house therein the movable core 14a, de- 
scribed later, in such a manner as to allow a freely re- 
ciprocating movement (a stroke movement required for 
opening or closing a valve). A slender, long nozzle por- 
tion 18a extends from the lower portion. 
[0021 ] In an injection system in which the fuel injector 
1 00 is mounted directly in a cylinder head 1 06 of an en- 
gine 1 05, as shown in Fig. 2, the long nozzle portion 1 8a 
enables an injector body having a large diameter to be 
placed at a position apart from (i.e., a position without 
any interference with) a suction valve 1 01 , a drive mech- 
anism 1 02 for a suction/exhaust valve, a intake manifold 
1 03 or the cylinder head 1 06 in the case where the suc- 
tion valve 101, the drive mechanism 102, the intake 
manifold 1 03 and the like are mounted at a high density, 
with an attendant advantage of the higher degree of fix- 
ing freedom. 

[0022] The upper portion (the large-diameter portion) 
1 8b of the nozzle body 1 8 extends upward to a position 
at which a magnetic flux for attracting the movable core 
is allowed to pass when the electromagnetic coil 2 is 
energized, that is, to a position at which a part of the 
magnetic circuit is constituted. In view of this, the upper 
portion 1 8b of the nozzle body 1 8 also serves as a part 
of the yoke 4. 

[0023] The upper end surface of the nozzle body 18 
includes the above-described annular step 18c for al- 
lowing the flange 8a of the seal ring 8 to be press-fitted 
thereto while a step 18d to be press-fitted in a spigot 
joint manner to (i.e. : in uneven engagement with) the 
yoke 4, and therefore, includes three stepped surfaces 
in total. 

[0024] In the yoke 4, an opening at the lower end (i. 
e., one end facing the nozzle body 1 8) is formed slightly 
larger than the outer diameter of the electromagnetic 
coil 2 with a resin mold 3, and thus, is formed into a so- 
called drop-bottomed shape. At the lower end of the 
yoke is formed a step 4c to be press-fitted to the step 
1 8d of the nozzle body 1 8 in the spigot joint manner. 
[0025] In the yoke 4, an upper wall 4b (hereinafter re- 
ferred to as a shoulder) is formed in such a manner as 
to cover the upper end of the resin mold 3 of the elec- 
tromagnetic coil 2. At the center of the shoulder 4b, a 
core inserting hole 4a engageable with the outercircum- 
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ference of the fixed core 1 is formed by drawing. 
[0026] The yoke 4 configured as described above is 
disposed from above the fixed core 1 . Furthermore, the 
yoke 4 is configured such that it can be press-fitted (cou- 
5 pled) to the annular step 18d of the nozzle body 18 in 
the spigot joint manner in such a manner as to cover the 
electromagnetic core 2 with the resin mold 3. At a part 
of the shoulder 4b of the yoke 4 is formed as a window 
4d, through which a connector terminal 29 for the elec- 
10 tromagnetic coil 3 can be inserted. 

[0027] The electromagnetic coil 2 is received at the 
upper end surface of the nozzle body 18, and then, is 
pressed at the inner surface of the shoulder 4b of the 
yoke 4, to be thus fixed thereto. 
15 [0028] The yoke 4 and the nozzle body 1 8 are annu- 
larly welded to each other at a jointed portion (a) of the 
press-fitted portion (i.e., the spigot-jointed portion) ther- 
ebetween, and further, the yoke 4 and the fixed core 1 
are welded to each other at a position (d), thereby keep- 
ing the sealability. 

[0029] The fixed core 1 , the yoke 4, the needle 5 and 
the nozzle body 18 are made of, for example, a stain- 
less-based magnetic material (i.e., electromagnetic 
stainless) in order to constitute the magnetic circuit of 
the electromagnetic coil 2. Its machining mode will be 
described later. 

[0030] At the lower end (i.e., the tip) of the nozzle body 
18 are disposed an orifice plate 19 and a fuel swirler 
(hereinafter simply referred to as a swirler) 21 , wherein 
these component parts 18,19 and 21 are formed of sep- 
arate members. 

[0031 ] The orifice plate 1 9 is formed by, for example, 
a stainless-based disk-like chip : and is provided at the 
centerthereof with an injection orifice (an orifice) 20, up- 
stream of which the valve seat 31 is formed. The orifice 
plate 19 is press-fitted to the inner circumference 18f of 
the lower end of the nozzle body 1 8. 
[0032] In the meantime, the swirler 21 is loosely fitted 
to the inner circumference of the lower end of the nozzle 
body 18/ and is made of a sintered alloy such as 
SUS416. 

[0033] The swirler 21 is formed by a substantially disk- 
like chip, and is provided at the center thereof with a 
center hole (a guide) 25 for slidably guiding the tip (the 
valve element) of the needle 5 and at the upper surface 
thereof with a guide groove 24 for guiding fuel toward 
the outer circumference, as shown in Figs. 4(a) and 4(c). 
[0034] Moreover, as shown in Figs. 4(b) and 4(c), an 
annular step (an annular passage) 23 is formed at the 
peripheral edge of the lower surface of the swirler 21 , 
and further, a plurality of, for example, six passage 
grooves 26 for forming a fuel swirl arc arranged between 
the annular passage 23 and the center hole 25. The pas- 
sage groove 26 is formed in substantially the tangential 
direction from the outer diameter of the swirler 21 to the 
inner diameter thereof, so as to generate swirling force 
in the fuel injected from the passage groove 26 toward 
the lower end of the center hole 25. 
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[0035] The annular step 23 is formed because it need 
serve as a fuel sump. Moreover, a plurality of chamfers 
27 are formed at the outer circumference of the swirler 
21. The chamfers 27 are referred to in machining the 
grooves 24 and 26 and the like. 

[0036] At the tip (one end on the fuel injection side) of 
the nozzle body 18 is formed the inner circumference 
(the stepped inner circumference) 18f with a receiving 
surface 18e for receiving the swirler 21 and the orifice 
plate 19. The swirler 21 is received at the receiving sur- 
face 18e of the nozzle body 18, to be loosely fitted to 
the inner circumference of the nozzle body. On the other 
hand, the orifice plate 19 is press-fitted and welded to 
the inner circumference in such a manner as to press 
the swirler 21. 

[0037] The swirler 21 and the orifice plate 1 9 are dis- 
posed in the above-described manner, so that the swirl- 
er 21 can be held between the receiving surface 18e 
and the orifice plate 19, and further, an annular fuel pas- 
sage 22 is defined between the outer circumference of 
the swirler 21 and the inner circumference of the tip of 
the nozzle body 18. The annular fuel passage 22 can 
be sufficiently secured as a fuel passage without any 
chamber 27. Via these annular fuel passages 22 and 
23, the fuel can flow into the groove 26 for forming a 
swirl in the swirler 21 . 

[0038] The upper surface of the swirler 21 is config- 
ured such that the fuel guide groove 24 is formed for the 
purpose of the press-contact with the receiving surface 
1 8e formed in the nozzle body 1 8, so that the fuel staying 
upstream of the swirler can flow into the annular fuel 
passage 22 around the swirler 21 via the groove 24. The 
groove 24 may be formed on a side of the receiving sur- 
face 18e of the nozzle body other than the upper end 
surface of the swirler 21 . 

[0039] That is, whichever the swirler 21 and the noz- 
zle body 1 8 may be, it is sufficient that a passage groove 
for guiding the fuel around the swirler is defined between 
the upper end surface of the swirler and the receiving 
surface of the nozzle body receiving the former. 
[0040] Incidentally, a part of the orifice plate 19 in- 
trudes into the groove 26 formed at one end surface of 
the swirler 21 to such an extent that the part cannot in- 
terfere with the flow in the passage groove, and thus, 
secures the function of a detent of the swirler 21 . 
[0041] For example, if the hardness of the swirler 21 
is made to be greater than that of the orifice plate 19, a 
part of the orifice plate 19 can bite the groove 26 when 
the orifice plate 19 is press-fitted, thereby securing the 
detent of the swirler 21 and preventing any misalign- 
ment of the swirler 21 . 

[0042] The needle 5 includes a valve rod (i.e., a nee- 
dle) 1 6 and the hollow, cylindrical movable core 1 4 hav- 
ing an outer-diameter greater than that of the valve rod 
16. The valve rod 16 and the movable core 14 are con- 
stituted of separate members, and are integrally cou- 
pled to each other by press-fitting and welding the valve 
rod 16 to one end of the movable core 14. 



[0043] A part of each of the movable core 1 4 and the 
valve rod 16 serves as a guide surface on a movable 
side. Here ; one part 1 4a at the outer peripheral surface 
of the movable core 14 is slidably guided on the inner 

5 circumference of the seal ring 8 during a stroke move- 
ment at the time of the valve opening or closing, and 
then, the peripheral surface near the tip of the valve rod 
1 6 is slidably guided to the center hole 25 of the swirler 
21 , thereby constituting a so-called two-point support 

10 guide system. 

[0044] In the present embodiment, the diameter of the 
outer circumference 1 4a of the upper portion of the mov- 
able core 14 is made to be greater than that of an outer 
circumference 14b of the lower portion thereof, so that 

15 the outer circumference 14a of the upper portion is sli- 
dably guided at the inner circumferential surface of the 
seal ring 8; in the meantime, the diameter of the outer 
circumference 14b of the lower portion is made to be 
smaller than lhal of the outer circumference 14a of the 

20 upper portion, so that a sufficient fuel passage 13 can 
be secured between the outer circumference 1 4b of the 
lower portion and the inner circumference of the nozzle 
body 18. 

[0045] The fuel passage 1 3 and the inside of the mov- 
25 able core 14 serving as an upstream passage 12 com- 
municate with each other via a plurality of through holes 
(i.e., orifices) 15 formed on a core wall of the outer cir- 
cumference 14b of the lower portion. 
[0046] A step 14c is formed at the inner surface of the 
30 upper portion of the movable core 14, and is provided 
with an annular plate spring (i.e. ; a damper plate) 50. 
[0047] As shown in Fig. 5, the plate spring 50 is 
formed into an annular shape, and an inside portion des- 
ignated by reference numeral 51 is punched. A plurality 
35 of elastic pieces 52 projecting inward are formed by 
punching in arrangement at equal intervals in the cir- 
cumferential direction. 

[0048] The elastic pieces 52 in the plate spring 50 re- 
ceive one end of a cylindrical movable mass (i.e., a 
40 weight) 9, which is, for example, a carbon steel forging 
product. 

[0049] The movable mass 9 is positioned over one 
end of the inner circumference of the fixed core 1 and 
one end of the inner circumference of the movable core 

45 1 4. A hollow hole 1 1 of the fixed core 1 serves as a fuel 
passage. Inside the hollow hole 11 are contained the 
movable mass 9, the return spring 7 and a spring press- 
er 6 in order from under. A filter 30 is disposed at the 
upper end of the hollow hole 11 . 

so [0050] The spring presser 6 is fixed by caulking a pe- 
ripheral portion 10 of the fixed core 1 . 
[0051] The movable mass 9 is interposed between 
the return spring 7 and the needle 5 (the movable core 
14) in such a manner as to be freely moved in an axial 

55 direction independently of the needle 5. In order to en- 
sure the independent movability, the spring plate 50 is 
interposed between the movable mass 9 and the needle 
5, so that the elastic pieces 52 of the spring plate 50 
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receive the movable mass 9. 
[0052] In this manner, the movable mass 9 fulfills a 
damper function of suppressing a bounce of the needle 
5 during a valve closing movement owing to its inde- 
pendence of the needle 5 with a valve. This damper 5 
function produces a remarkably effective result, the prin- 
ciple of which is considered as follows: namely, it is con- 
sidered that although the needle 5 is about to bounce 
when the needle 5 collides against the valve seat 31 by 
the force of the return spring 7 during the valve closing 10 
movement, the inertia of the movable mass 9 and the 
resilient deformation of the spring plate 50 absorb kinet- 
ic energy of the bounce at that time, thereby attenuating 
the bounce. 

[0053] A connector mold (i.e., a resin mold) 27 is is 
formed around a portion projecting from the yoke 4, of 
the fixed core 1 . 

[0054] Subsequently, a description will be given of the 
assembly and the machining mode of main component 
parts in the present embodiment. 20 
[0055] As shown in Fig. 3, in assembling the fuel in- 
jector in the present embodiment, the component parts 
are inserted from above in reference to the nozzle body 
18 except for resin molding with the connector mold. 
[0056] Pre-processes before assembling the compo- 25 
nent parts will be explained below. 
[0057] The yoke 4 is a pressed and cut product. The 
nozzle body 1 8 is a cold forged product through not cut- 
ting but lathing. The swirler 21 is a sintered product 
through cutting. The orifice plate 19 is lathed, and fur- 30 
ther, is quenched in order to enhance its hardness. The 
valve seat 31 and the orifice 20 are ground and end- 
iapped. 

[0058] The valve rod 1 6 is quenched, and the mova- 
ble core 14 is annealed. Thereafter, these component 35 
parts 1 4 and 1 6 are integrally coupled to each other by 
press-fitting and welding, thus constituting the needle 5. 
[0059] The outer circumference of the needle 5 is 
ground. The outer peripheral surface (the movable 
guide surface) 1 4a at the upper portion and the end sur- *o 
face (the movable stopper surface) in the movable core 
14 are subjected to hard plating. 

[0060] The fixed core 1 is a cold forged product 
through lathing and annealing, and further, the tip there- 
of serving as a stopper surface with respect to the nee- *5 
die is subjected to hard plating. The seal ring 8 is lathed, 
and then, is press-fitted and welded to one end of the 
outer circumference of the fixed core 1 after plating. 
[0061] The swirler 21 is loosely fitted to the nozzle 
body 1 8 by the use of a centering jig, and thereafter, the 50 
orifice plate 1 9 is press-fitted and welded to the nozzle 
body 1 8. 

[0062] The above pre-processed component parts 
are assembled in the following procedure. 
[0063] The needle 5 having the plate spring 50 dis- 55 
posed therein is inserted into the nozzle body 18 from 
above, and then, the flange at one end of the seal ring 
8 fixed to the fixed core 1 with the seal ring 8 is press- 
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fitted and welded to the nozzle body 1 8, so that the fixed 
core 1 and the nozzle body 18 are integrally coupled to 
each other. Before the integral coupling, the step of the 
nozzle body 1 8 serving as the coupled (press -fitted) por- 
tion is measured, and further, the step of the flange of 
the seal ring 8 on the side of the fixed core 1 is meas- 
ured. The fixed core 1 and the nozzle body 18 through 
the measurement examination are integrally coupled to 
each other. Consequently, the coaxial accuracy can be 
ensured. 

[0064] Thereafter, the assembly of the electromag- 
netic coil 2 and the yoke 4 are fitted into the fixed core 
1 from above. The yoke 4 is also coupled to the nozzle 
body 1 8 by press-fitting and welding. And then, the con- 
nector mold 27 is formed. 

[0065] The above finished products constitute the 
magnetic circuit, described already, when the electro- 
magnetic coil 2 is energized (excited), so that the needle 
5 is attracted until it abuts on one end of the fixed core 
1 against the force of the return spring 7, thereby achiev- 
ing the valve opening movement. At the time of the valve 
opening, pressurized fuel is injected with a swirl from 
the injection orifice 20 via the swirler 21 through the filter 
30, the fuel passages 11 and 12, the orifices 15 and the 
passages 1 3 and 1 7. 

[0066] The present embodiment can produce the fol- 
lowing effects: 

(1) When the electromagnetic coil 2 is de-ener- 
gized, the needle 5 is moved in the closing direction 
by a load accumulated in the return spring 7, and 
then, abuts against the valve seat 31. At this time, 
the damper function of the movable mass 9 and the 
plate spring 50, as described already, suppresses 
the bounce of the valve element 16, thereby effec- 
tively preventing any secondary injection. 

(2) Furthermore, since the entire outer circumfer- 
ence 14a of the upper portion of the movable core 
is slidably guided on the inner circumference of the 
seal ring 1 8 during the valve opening/closing move- 
ment, the fuel is hardly relieved to the slidably guid- 
ing surface, and consequently, all the fuel flows be- 
tween the passage 12 inside of the movable core 
14 and the passage 13 outside thereof via the ori- 
fices 15. Therefore, the liquid damper function is ap- 
propriately fulfilled between the lower end surface 
(the stopper) of the fixed core 1 and the end surface 
of the movable core 14, thus contributing to allevi- 
ation of an impact of the needle 5 with respect to 
the stopper and suppression of the bounce of the 
needle 5 at the time of the valve closing. 

(3) The needle 5 is supported and guided at the two 
points on the inner circumference of the swirler 21 
and the inner circumference of the seal ring 8. Con- 
sequently, the nozzle body per se need not be 
equipped with a guide function, unlike the prior art. 
Therefore, it becomes unnecessary to grind the 
nozzle body with high accuracy while the seal ring, 
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which is easy to be lathed, can ensure the highly 
accurate guide function. Thus, the needle can be 
supported and guided at the two points at a reduced 
cost even in the case of a long nozzle injector. 

(4) The prior art has experienced the problem that 5 
the coaxial accuracy is enhanced while eliminating 

a troublesome grinding work (the guide formation) 
with respect to the inner circumference of the nozzle 
body 18. However, through the above-described 
assembling process, the fixed core 1 and the nozzle 10 
body 1 8 can be integrally coupled to each other by 
press-fitting and welding the seal ring 18 with rela- 
tive facilitation while the high coaxial accuracy is 
maintained, thereby streamlining the assembling 
work and reducing the cost. 15 

(5) Moreover, as shown in Fig. 3, all of the compo- 
nent parts except the connector mold can be as- 
sembled in the same direction in reference to the 
nozzle body 18, thus contributing to the facilitation 
and automation of the work. 20 

(6) Since the swirler 21 is loosely fitted while is fixed 
to the orifice plate 1 9, the swirler 21 can be prevent- 
ed from being shifted, and further, the entire circum- 
ference of the swirler 21 constitutes the annularfucl 
passage, thereby reducing passage resistance, fa- ^ 5 
cilitating the relief of bubbles, which have been lia- 
ble to remain at the lower end of the swirler 21 , and 
achieving the smooth fuel injection. 

(7) Although the swirler 21 is loosely fitted, it is free 
from physical restriction of other members until the 30 
centering jig is set in fitting, thereby offering the de- 
gree of centering freedom. Furthermore, even in the 
case where the orifice plate 19 is welded, thermal 
expansion caused by the resultant welding heat al- 
so is absorbed at the clearance defined around the 35 
swirler 21 , thus preventing any generation of ther- 
mal deformation in the swirler 21 . 

(8) The annular passage 23 defined by the annular 
step is formed upstream of the groove 24 for form- 
ing the fuel swirl at the lower end surface of the 40 
swirler 21, and thus, functions as the fuel sump. 
Consequently, it is possible to enhance the injection 
responsiveness at the time of the fuel injection. 

Industrial Applicability 

[0067] As described above, the present invention can 
solve the problems so as to reduce the cost of the fuel 
injector, enhance the centering accuracy (the coaxial 
accuracy), facilitate the assembling work, simplify the 
component parts, offer the degree of fixing freedom, 
prevent any secondary injection and the like. 



Claims 

1 . An electromagnetic fuel injector, in which a hollow 
fixed core, an electromagnetic coil and a yoke are 



arranged from the center toward the outer diameter, 
a needle with a valve element is contained in a noz- 
zle body fixed to the lower portion of the yoke, and 
the needle is urged toward a valve seat by the force 
of a return spring, the electromagnetic fuel injector 
characterized in that: 

a fuel swirler positioned upstream of an injec- 
tion orifice is disposed at the tip of the nozzle 
body, the fixed core and the nozzle body being 
coupled to each other via a non-magnetic cy- 
lindrical seal ring press-fitted and welded to the 
outer circumference of one end on the nozzle 
body side of the fixed core and the inner cir- 
cumference of one end of the nozzle body; and 
the inner circumference of the fuel swirler and 
the inner circumference of the seal ring function 
as a guide for slidably guiding a stroke move- 
ment of the needle. 

2. An electromagnetic fuel injector according to claim 

1 , characterized in that the yoke and the nozzle 
body also are coupled to each other by press-fitting 
and welding. 

3. An electromagnetic fuel injector according to claim 

2, characterized in that the seal ring has a flange 
at one end thereof, one end of a cylindrical portion 
on a side opposite to the flange is press-fitted and 
welded to one end of the outer circumference of the 
fixed core, while the flange is press-fitted and weld- 
ed to an annular step formed at the upper end of 
the nozzle body; and 

the yoke and the nozzle body are press-fitted 
in a spigot joint manner, followed by welding. 

4. An electromagnetic fuel injector, in which an elec- 
tromagnetic coil and a yoke are arranged around a 
hollow, cylindrical fixed core, a nozzle body contain- 
ing therein a needle with a valve element is fixed to 
the lower portion of the yoke, and the needle is 
urged toward a valve seat by the force of a return 
spring, the electromagnetic fuel injector character- 
ized in that: 



the electromagnetic coil and the yoke are con- 
figured in such a manner as to be fitted around 
the fixed core from above the fixed core; 
the yoke can be coupled to the upper end of the 
so nozzle body in such a manner as to cover the 

electromagnetic core; 

a terminal taking-out window for the electro- 
magnetic coil is formed at a part of the upper 
portion of the yoke; and 
55 the inner surface of the upper end of the yoke 

presses the electromagnetic coil, thus fixing the 
coil. 
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5. An electromagnetic fuel injector according to claim 
4, characterized in that a bore of the upper end of 
the yoke is drawn, and the inner circumference of 
the upper end is coupled to the outer circumference 
of the fixed core by any of welding, press-fitting and 
caulking. 

6. An electromagnetic fuel injector, in which an elec- 
tromagnetic coil and a yoke are arranged around a 
fixed core, a nozzle body containing therein a nee- 
dle with a valve element is fixed to the lower portion 
of the yoke, and the needle is urged toward a valve 
seat by the force of a return spring, the electromag- 
netic fuel injector characterized in that: 

the fixed core and the nozzle body are coupled 
to each other via a non-magnetic cylindrical 
seal ring extending over the outer circumfer- 
ence of one end of the fixed core and the inner 
circumference of one end of the nozzle body; 
the inner circumference of the seal ring serves 
as a guide for the needle; 
the needle has a hollow, cylindrical movable 
core, the outer circumference of the upper por- 
tion of the movable core being slidably guided 
on the inner circumference of the seal ring dur- 
ing a stroke movement, a fuel passage being 
secured between the outer circumference of 
the lower portion and the inner circumference 
of the nozzle body, and the fuel passage com- 
municating with another fuel passage defined 
inside of the movable core via a through hole 
formed at the movable core. 

7. An electromagnetic fuel injector according to claim 
6, characterized in that the outer circumference of 
the lower portion of the movable core is made to be 
smaller in diameterthan the outer circumference of 
the upper portion thereof so as to enlarge the fuel 
passage defined between the outer circumference 
of the lower portion and the inner circumference of 
the nozzle body, the through hole being formed on 
a core wall on which the outer circumference of the 
lower portion is positioned. 

8. An electromagnetic fuel injector characterized in 
that: 

a nozzle body, an orifice plate having an injec- 
tion orifice and a fuel swirler are formed of sep- 
arate members; 

an inner circumference having a receiving sur- 
face for disposing the fuel swirler and the orifice 
plate is formed at one end on a fuel injection 
side of the nozzle body; 

the fuel swirler is loosely fitted to the inner cir- 
cumference of the nozzle body in such a man- 
ner as to be received at the receiving surface 



4 

of the nozzle body; and 

the orifice plate is press-fitted and welded to the 
inner circumference in such a manner as to 
press the fuel swirler. 

5 

9. An electromagnetic fuel injector characterized in 
that: 

a nozzle body, an orifice plate having an injec- 
10 tion orifice and a fuel swirler are formed of sep- 

arate members; 

an inner circumference having a receiving sur- 
face for disposing the fuel swirler and the orifice 
plate is formed at one end on a fuel injection 

15 side of the nozzle body; and 

the fuel swirler is held between the receiving 
surface of the nozzle body and the orifice plate, 
thus defining an annular fuel passage between 
the outer circumference of the fuel swirler and 

20 the inner circumference of the nozzle body, so 

that fuel flows into a passage groove formed at 
the lower end surface of the fuel swirler via the 
annular fuel passage. 

25 10. An electromagnetic fuel injector according to claim 
8 or claim 9, characterized in that a guide groove 
for guiding the fuel to the outer circumference of the 
fuel swirler is formed between the upper end sur- 
face of the fuel swirler and the receiving surface of 
30 the nozzle body for receiving the upper end surface 
of the fuel swirler. 

11. An electromagnetic fuel injector according to claim 
10, characterized in that the guide groove is 

35 formed at the upper end surface of the fuel swirler 
and/or the receiving surface of the nozzle body. 

12. An electromagnetic fuel injector according to any 
one of claims 8 to 11, characterized in that the 

40 hardness of the fuel swirler is greater than that of 
the orifice plate. 

13. An electromagnetic fuel injector according to any 
one of claims 8 to 12, characterized in that a part 

45 of the orifice plate intrudes into the passage groove 
for generating a swirl, formed at the lower end sur- 
face of the fuel swirler. 

14. An electromagnetic fuel injector in which a fuel 
50 swirler is disposed upstream of a fuel injection ori- 
fice, the electromagnetic fuel injector character- 
ized in that: 

a passage groove for generating a swirl and an 
55 annular passage communicating with the pas- 

sage groove on an upstream side are formed 
at the lower end surface of the fuel swirler. 
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15. An electromagnetic fuel injector according to claim 
14, characterized in that the annular passage is 
defined by forming an annular step at the peripheral 
edge of one end surface of the fuel swirler. 

5 

16. An electromagnetic fuel injector, in which a hollow 
fixed core, an electromagnetic coil and a yoke are 
arranged from the center toward the outer diameter, 
a needle with a valve element is contained in a noz- 
zle body fixed to the lower portion of the yoke, and 10 
the needle is urged toward a valve seat with appli- 
cation of the force of a return spring, the electro- 
magnetic fuel injector characterized in that: 

a mass movable in an axial direction independ- 15 
ently of the needle is interposed between the 
return spring and the needle. 

17. An electromagnetic fuel injector, in which a hollow 
fixed core, an electromagnetic coil and a yoke are 20 
arranged from the center toward the outer diameter, 

a needle having a valve element is contained in a 
nozzle body fixed to the lower portion of the yoke, 
and the needlo is urged toward a valve seat by the 
force of a return spring, the electromagnetic fuel in- 25 
jector characterized in that: 

a mass movable in an axial direction independ- 
ently of the needle is interposed between the 
return spring and the needle, and a plate spring 30 
is interposed between the mass and the nee- 
dle. 
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